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The UnlveteJ.ty of Michigan oontraoted with the 

Army Air Foroes (Air Materiel Command) on 3 April 19W for 

an Investigation of gulaanoe, propulsion, launching, and 

supersonic aerodynamics leading to the design of a ground- 

to-air pllotless alroraft capable of Intercepting and 

destroying hostile alroraft operating at altitudes up to 

500,000 feet, at speeds up to 4,COG mph, and at ranges 

sufficient to prevent damage to the defended area. 

Progress reports summarizing the status of this 

work are being prepared every two months by the University 

of Michigan under the terms of the oontraot. This report 

is the first of the series. 

Xn addition, a separate program of baelo research 

and engineering evaluations will be conduoted in fields 

pertinent to the design of pllotless aircraft, such a« 

guidance techniques, propulsion methods, supsreonio aero- 

dynamics, servo mscijanicras, fuel ohemistry, launching 

prooedures, fusing and missile performance. Tbeee investi- 

gations will provide a body of information for possible 

future improvements ot pllotless alroraft. Their extent 

will bo determined by practical limitations of personnel 

and equipment. 

The project bears the classification "SECRET," 

with the exception of general data which does not pertain 
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to performance and design of tho missiles bsing designed, 

«hioh may be classified *QonTLW.>'W  or lover. 

somit ?wm& 
> • 

Severe performance requirements of this missile 

necessitate tbat ell fields involved be exploited to their 

utmost • especially oropulsion and guidance, 'übe initial 

approaoh on this projeot is therefore to beooae thoroughly 

familiar with currently available components and systems, 

and to determine the limiting factors in all of the vwioua 

fields. This will guide \7ork on preliminary designs and 

subsequent investigations. 

OHOAHIiSATIOK 

The pzo^oot le being bandied for the University 

of Michigan by the department of Engineering Research. 

Specific responsibility rests with Prof. Emerson W. <° nlon, 

•ChaisEan of the Department of Aeronautioai filagiaeering. 

Prof. Ooniaa also acts as oh&lrsmn of an Advisory Board 

i&co© individual itaJBbeso aro rsaponeible fox teohnlca] 

progress in the various * leide. 

Technical coordination AUöL pzojeot adrtnletrotlon 

will be under Prof. Wilbur Ä. Heleon, Projeot Engineer, and 

• 
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Mr. Robert F. May, Administrative Engineer. AdTleora for 

the various phases of work are: 

Aerodynamloa - Or. Arnold it. Kuetbe 

Design - Prof. Franklin 1. Everett 

Guidance • Prof. William G. Dow 

Launching - Prof. Jesse Ormondroyd 

Kathematloa • Prof. Ruel 7.  Ohuronlll 

Propulsion - Prof. Edward T. Vincent 

Research techniques and flight test - Dr. 

V. H. Nlohols 

Full-time research employees, plus various faoultj members, 

graduate students and under-graduate students doing part- 

time work, all under the supervision of the above persons, 

complete the project personnel. 

Looations on the University of Kiohigan campus 

and spaoe at the V7iliow Run airport, reoently acquired by 

the University, will be used for researoh and testing. 
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Tata npost gi»ss a ranasj digest- of progrea* 

^a tas projao« bttroea the date of oontrtot, '5 April 191*0, 

and 1 June IS'^6.    Most of the work during this period has 

been In setting up the organization and In determining the 

lines of attaok for tne research program, together with 

oolleotlng a ploture of sxin\i.a£  'infc.-wc.ti.'is. on t«e field. 

Inssmuoh as the projeot Is still In Its Initial 

stages, with final personnel and space assignments not yet 

oorapleted, this report deals with tfc« kinds of problems 

being oonsldered In the various phases of the work. 

Subsequent progress reports will deal more completely with 

teohnloal progress and more final thinking along speclflo 

lines. 
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AERODYMAKIOS 

The problems of drag, stability, maneuverability, 

and aurfaoe tenperature appear to be the moB%  Important for 

tbe aerodynamlo design. All of tbese are intimately tied 

in with tbe other features of the design. For instance, a 

system of propulsion involving rooket—- ram jst—rooliet may 

be feasible provided a olean oonfigur&tion oan be found 

whioh will not inorease the drag unduly over a pure rooket 

system. Various proposals will be examined from the stand- 

point of drag. 

The problems of maneuverability and oontrol are 

intimately connected with eaoh other and with the other 

phases of the design. At the higher altitudes these factors 

must obviously depend upon other means than lifting surfaoes 

and movable controls. Further, It is neoessary to consider 

whether these other means, for instance a system of rockets 

distributed over the body, are adequate in the lower speed 

region of the trajeotory. 

Dynamlo stability of the alroraft immediately 

after launching must be studied for various' configurations 

as a funotion of the launching speed. Tbe variables to be 

considered in this oonnaotion will be fineness ratio, area 

of wing and oontrol surfaoes if present, the possibilities 

of rooket oontrol, configuration of rockets for stability, 

and so on. 

SECRET 5 

i 

• 

. 



••*- 

SE0RB7 

K 

Phenomena In the transonic region mast bo Btudled 

vUh a view to determining whether it la feasible to launob 

at leoe than sonio speeds 

Sorfaoe te.qjoraturaB, while not important in the 

upper i -glonu of the atmosphere, »111 determine how shallow 

a trajectory cay be expeoted for an onoomlng missile from' 

a given dletanoe. 

Efforts thus far have been expended on plotting 

approximate curves of drag versus altitude for two represen- 

tative alroraft at various eupersonlo speeds up to ÄOOO 

ft/seo. .The objoot of these oaloulatxjna was to give a 

rough quantitative idea of the drag force Involved for 

repräsentative eases. It was assumed that the known laws 

of aerodrnamlos tor  skin friction, wave drag, and bane drag 

aro valid up to an altitude of £00,000 feet and that above 

this altitude the Eeirionian law holds, i.e., the drag 

results entirely from impingement of the moleoules agalnet 

the taporing noce. 

Method* for calculating the ekln temperatures are 

being examined, especially thoss given in the German 

literature. 

Information on the lift and oenter of pressure 

for bodies ot revolution at angles of attack is being 

oolleeted. 
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In order to make these Investigations complete, 

it is neoessary that mloxofllras of ae muoh as possible of 

the German l.it«*ati»Te b* «nvostlgated, and all «v*1.lanle 

aerodynamic reporte be studied..  This will consume consider- 

able project time during the next few months. 

Baato aerodynamio reaearoh will be oonoentrated 

in the field of aerodynamio'} la whloh the mean free path of 

the moleoules is of the came order ae the thioknees of the 

boundary layer. A considerable amount of work has been 

done on the oharaoteristios of air at Tory low pressure« 

(i.e., large mean free path), but the phenomena of visooslty, 

slip at the surfaoe. and the like, for the pressures occur- 

ring at altitudes of a few hundred thousand feet are relative- 

ly unknown. The determination of skin temperatures, drag, 

and shook wave phenomena await detailed investigations in 

this field. 

C 

The design group "Jill ooordinate the .activities 

of the various phases involved Insofar as design of the 

missile's configurations and mechanisms is concerned. It 

will first, by a study of existing designs, provide a 

guide to the groups working on different phases of the 

project as to relative spaoe limitations and weight distrl« 

butlons. 
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Design atudiea under way utilise various types at 

propulsion and launching, with the main objeotlve of orystal- 

ising the problems oonfrontlng the different tt'ohnioal 

groups, several poeolhle combinations will be modified to 

meat the needs of the functional components, and by a 

series of modifications the final design whloh appears to 

best fulfill the requirements will be determined. 

Some data and xsportß have been collected whloh 

will form a basis for more detallad work» Effort has been 

dlreoted toward assoolatlng possible component parts. 

GUIDAifOE 

•• 

The Initial work on the guidance problem will 

ohiefly involve determining the existing eleotronio and 

related components whloh are available for guidanoe, with 

their various llmitationa. At the same time preliminary 

plans and designs for spsolfio guidanoe systems will be 

started« 

Thus far oonsiderable familiarity with function- 

ing of the 7*2 rockets, and with available techniques for 

telemetering, remote control channel establishment; rooket 

guidanoe, and possible types of lnteroeption trajectories 

has been obtained, estimates of the properties of the 

upper atmoephcro -,rhioh affect radio propagation and inter- 
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osption guidance fual requirements axe being made« 

"Humorous possibilities are apparent foi early 

Taming and traofclng or the of .Tensive rr.issile, types of 

interoeption to accomplish destruction of the offensive 

missile, and guidance methods for the initial etages of 

flight and final interoeption. It is neoeatary to make 

some assumptions in order to begin any specific avj.lua- 

tlona and designs. 

It la first being assumed that the approaoh of 

an enemy missile will be indloated through an extended 

ohain of radar early warning and traofcing installations. 

These installations should be so located as to give approx- 

imately 10 minutes warning prior to arrival. This would 

permit interception to bo completed perhaps 150 miles from 

the defensive launohing site, and sails for the ability to 

get a missile to the proper position within a period of 

about 150 ssoondst 

Tha interception path may bs any of the following; 

A. Identieal with, but opposite in dixeotion to, that 
of the approaohing missile« 

B. Tangential to the path of the approaohing missile 
at the point of desired interoeption. 

0. Across the path of ths enemy missile at the inter» 
oeptlon point; non» tangential. 

Dtf Pursuit from behind along a tangeutlal path. 

The pursuit oourse would bo more Important if the enemy mis- 

sile were assumed to have intelllgenos and the ability to 

SECRET I 



talc« evasive action.  The guidanoe problem will first b* 

attacked under the following asBumptlon: the enemy missile 

has no intelligence, after its initial launohln^, vbloh 

would enable it to make a marked deviation from the early 

tracking trajectory 

Slnoe present thinking indioates that some sort 

of homing device will be needed in the final starves of 

flight to obtain the required aoouraoy of isteroeptlon, 

the guidance accomplishments depend a great deal upon the 

amount of fuel whloh oan be oarrled aloft and held in re» 

serve to oause the neoessary change in uocentum for final 

interception. These fuel reserveB may have'to be very sub- 

stantial, and «ill represent a major portion of the weight 

osrrled aloft* 

Ae POOH as a logloal set of conditions is assumed 

for type of interception, useful warhead content, and weight 

of seeking meohanlsn>l. it will be possible to oaloulate the 

weight of fuel and motor neoessary for several types of 

oarly trajeotorlos»  The result of thic oalculatlon will 

determine the guidance requirements,, 

The aotual eleotroulo guidance equipment will 

depend on an analysis of various possible systems« For 

oonvenlenos radar will be considered initially, and will 

probably be of major importance in the final design, 0on=- 

slderatlons of the guldanoe equipment depend on the type of 

1 
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o trajsotory ohosta, the possibility of either vertloal or 

directed launohing, and, for the final flight path where 

the missile is belog guided by a homing device, upon the 

relative merits of radar, eight, heat, or other lndloatione 

in the upper atmosphere. Radar seems at present to give 

the most aoouraoy In range, but other devloes may prove 

more praotloal for azimuth oorreotions. 

O 

O 

LAUEOHIHG 

It is planned to investigate all possible types 

of launohing dsvloes, making neoeseary oaloulatlons to 

determine the relative utility of oaoh, Consideration 

will be taken of rate of fire from a given oontrol station, 

mobility of the launohing equipment, orientation of .the 

missile prior to launohing, and other similar factors» 

The following types of Isunobing devices are 

being ooneldered, many of which oan be eliminated with 

relatively little investigation as being lmpraotloal: 

A« Simple platform with guide tower, uelng rooket 
efieot of the main rooket motor for vertloal 
launohing. 

B, Permanent launohing meohanisms, independent of 
the rooket design. 

su Mechanical springs with potential energy stored 
by strotoh or compression. 

b. Compressed air ejeotlon. 

Oc Steam ejection. 
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d. Oim or mortar ejeotlon tinder ration of pro- 
pellent gun powdera, the gun powder pressure 
aoting sitber direotly on the mlnsile or in-9 

direotly by oo.spressing air whieh is  in oon- 
taot T-ith the missile. 

C. Devices forming a permanent part of toe missile, 
but ueed only during launching, 

a« Separate, quiok^aoting rooket motors. 

b. Reooil notcr-power generated by firing a 
obarge of powder  (Merely a quicker variant 
of rooket motors.) 

D. Devioes temporarily attaohed to tbe mieaile and 
dropped after launching is completed» 

Jet assisted take-off, with power provided 
by rookets properly attached to tbe missile 
until tbe missile'-s own rooket motors take 
overs 

An off-hand eTaluatlon of these various launching methods 

indicates that, first, speed is so muoh more important in 

a defensive missile than in the standard offentive types 

of missile, that the rooket effoot of the wain motors is 

not sufficient.  Second, all but the powder ejection perma» 

nent installations would require euoh esqiensive and taaesive 

fixed installations of spring material, with motorized 

windersj, compressors, steam plants, and the li*et that they 

do not lndioate practicality; the powder ejection systems, 

however, provide a large amount of energy for quiok release 

with a comparatively small volume of propellant, and offer 

more promise. The eelf-oontained devioes handloap the 

miseile"a performance by the added weight whioh would have 

to be oarried throughout the rocket«s flight; the tempo- 
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rarlly attaohed doTioos, on the other hand, overoome this 

disadvantage and have ths furthor advantage of the body of 

erpcrle.nos a/.rsady existing In jet assisted airplane tak«» 

off and Amerloan exparlmente on V»l launohlng. 

Considerations of vertloal launching as opposed 

to launohlng on course (controlled train and elevation) 

Indicate that a fairly sizeable permanent Installation 

would be required for the latter and not for vertloal 

launohlng. The guidance problem ties In closely with this 

oholoe. 

PR0PUL8I0M 

The flrot part of the propulsion researoh program 

la the evaluation of the various means of propulsion, using 

rooketa and ramjets. This study «111 be broken down into 

considerations of liquid, solid and gnssoua fuela. A 

review of all published data likely to be of assistance la 
a 

being mads. The object will be to determln* the speciflo 

fuel oonaumptione to be axpeoted at various speeds and 

altitudes, and to evaluate the total fuel loads to be 

oarrled for any glvan range and speed of flight.• 

A study of all published data elating to aombu«- 

tlon processes la under way, and wlli be followed bjr a con« 

slaerable amount of testing to determine whiob processes 
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provide r. Rr.x?,nr.:si <is.tifcu?tSör. ;r.!?-d 3cA t^r greets»* effec- 

tiveness at high speeds and at low pressures. Various 

fusis will he eliminated due to slowness of reaotlon time, 

and others will be further teeted relative to their main'» 

talnlng oomhustlon at high spsede and low pressures. 

A study of the theory and praotloe of supsrsonlo 

diffusere has been made, in order to evaluate the perfor- 

mance of ram-jets versus rookets as a means of saving fuel 

while In the atmosphere. 

A series of functions have been graphed to oover 

a range of flows, pressures, and temperatures likely to be 

encountered. These will reduoe the subsequent labor of 

oaloulatlon considerably. 

BKSBAROH TECHNIQUES A HP FLIGHT TE3TIHG 

o 

Electronic research and instrumentation design, 

sssentlal to the euooessful development and testing of a 

ground-to-air pllotless aircraft, will be in progress soon« 

Information about upper atmosphere characteristics will be 

studied for their effeot on aerodynamlo and propagation 

problems. Instrumentation required by the other groups in 

their laboratory and researoh work will be developed. 

Baslo researoh techniques and evaluations within the various 

fields will be studied and develemed. 
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FtBelvoirVA 22060-6218

Dear Mr. Stokes

This concerns the following Technical Reports:

The following records have been cleared for public release by HQ AFMC/PAX on 13 June 2007. The
reviews were performed by the following Air Force organization: HQ AFMC/PAX. Therefore, the
following records are now fully releasable to the public. See attachment 1.

Technical Report number: ADB816663
Technical Report Title: Project "Wizard" Progress Report No. 1
Technical Report Date: June 1, 1946
Previous classification/distribution code: Unclassified

Technical Report number: ADB816741
Technical Report Title: Project "Wizard" Progress Report No. 5
Technical Report Date: 1 December 1946 - 1 February 1947
Previous classification/distribution code: Unclassified

Subsequent to WPAFB FOIA Control Number 2016-02428-F, AFMC-2016-0019, the following
record has been cleared for public release by HQ AFMC/PA on 4 April 2016. The review was performed
by the following Air Force organization: HQ AFMC/HO. Therefore, the following record is now fully
releasable to the public. See attachment 2.

Technical Report number: ADB817886
Technical Report Title: Project "Wizard" Progress Report No. 4
Technical Report Date: October 1 - December 1, 1946
Previous classification/distribution code: Unclassified

The following record is publicly available at the University of Michigan Library at the following link:
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/4989/bad5904.0001.001 •txt?sequence=4&IsAllo
wed=y.

Technical Report number: ADB804022
Technical Report Title: External Memorandum Report No. 7, A Simplified Method of
Calculating Ram-Jet Performance Applicable To High Mach Numbers
Technical Report Date: July 23, 1947
Previous classification/distribution code: Unclassified



Please let my point of contact know when the record is available to the public. Ms. Janet M. Caddell
is the point of contact for this request and she can be reached at (937) 904-0884, e-mail
Janet.Caddell@us.af.mil or the FOIA Office Main Line (937) 522-3095, e-mail wpafb.foia@us.af.mil.

Sincerely

Attachements:
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2. SAFPAOSP E-mail, dated 4 April 2016

RRIN BOOHER, Civ, DAF
Freedom of Information Act Manager
Base Information Management Section
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